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5. The ungrounded system below has a phase to ground fault on phase "a". Assume that the line to
ground (and line to neutral voltages) were balanced three phase set before the fault occured. Do

the following:
(a) Find the symmetrical components of the phase a line-to-neutral voltages when a ground fault

is applied (Va.nl]s Van]s VanZ)-
(b) Repeat part (a) using line to ground voltages instead of the line to neutral voltages and find

(VagO: Vag]: Vag2)-

6. Dothe following:

(a) A setof current transformers reads the following currents (in Amperes). If the current
transformers each have a turns ratio of 5:500 (usually referred to as a current
transformation ratio or CTR of 500:5) calculate the primary currents inamps.

A SrA ?‘ m

B . L
i Note that the symbol: —*f¥y—
(VI ATAY
c A - éd)"(—-’ W2

is equivalent to: —ufWYM]}__
CONgoN
5 /

—j-87deg

Iz = 12e

—j-120deg

Ig = 4-e

g = 4_ej-lzodeg

(b) Calculate the symmitrical components of the secondary currents (I, Ly, Lo).
(c) Calculate the current measured by the fourthammeter (I,) and compare it to the zero

sequence current calculated in part (b). How do they compare?

(d) Using the primary current calculated in part (a), repeat part (b) if the CTs are connected in
delta (relay currents should lag the primary line currents by 30 degrees).
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ECE 523: Lecture 5

Impedance in Sequence Domain

5 i e.|-l20deg
Phase A symmetrical Phase B symmetrical Phase C symmetrical

components components components
transform transform transform

1 1 1
5 1 a a2 1 a2 a

A =|1 a a
012 Boi2=|1 1 1 Corp = i a a2

1 2
xR 1 a° a I

Case 1:

Zaa = (14.9 +j-58.4)ohm
Zbb := (14.9 +j-58.4)ohm
Zee = (14.9 +j-58.4)ohm

Zaa Zab Zac

Zab 7Zbb Zbc
Zac Zbc Zcc

ZABC =

/]
Zo12 := Ap12  ZaBC Aor2

0
294113 0

Zab := (4 +j-27.3)ohm
Zac = (4 +j-27.3)ohm
Zbc = (4 +j-27.3)ohm

N

0
\
Zots = 0 10.9 +31.1i 0 2,0
0 0 10.9 +31.1i

1
L= ;(Zaa + Zbb + Zcc)

1
L= g-(Zab + Zbc + Zac)

i Zg—Zp = (109 £3LID0
T
_ Zg+2Zpy = (229+ 113D Q
z

= 0§}

ZS —Zm - Z012l |

=080}

Lo+ 20— 7
S m 0120’0
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Zy = 2012] i Zq = (10.9+ 31.11)Q
D Z3=Zona, Z, = (109 + 31.1) Q2
Zy = 20120 5 Zo=(229+1131)Q2
-1 -1
Zo12B = Bo12 -Zapc'Bonz Zoac = Co1z  -Zapc-Corz
000 000
Zo12B—Zp12 =0 0 0 |Q Zorac—Zo12=|0 0 0 (©
A 000 A 000

Case 2: (now add imbalance to self terms--act as if it is a similar tower structure with

mutual coupling to other conductors creating unbalance, although I'm being somewhat unrealistic
for comparison purposes)

Zaa := (14.9 +j-53.4)ohm Zab = (4 +j-27.3)ohm
7Zbb = (14.9 +j-68.4)ohm Zac := (4 +j-27.3)ohm
Zcc = (14.9 + j-53.4)ohm Zbc := (4 +j-27.3)ohm
Zaa Zab Zac
Zapc :=| Zab Zbb Zbc
Zac Zbc Zcc

-
Zo12 .= Aoz -ZaBc Aoz

229+ 1131 433-251 —4.33-2.5i & %\ l %L
Zotz = | =433 =251 10.9 +221‘.1i 433-2.5 [0 )

I ol
433 -2.51 -433-25i 10.9+3L.1i A0 d

T
| S o \\\)Q}/
2 1= (Zaa + Zbb + Zeo) Zs = (14.9 + 58.4i) Q O%(\\

1
Zy = (Zab+ Zbe+ Za0) T = (4 27.3) Q



Zs—Zm = (10.9 +31.1) Q Zs~Zm~Zo12, | = 09
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Zg+ 27 = (22.9 + 113D Q2 Zs+2m = Zo1a,, = 0%

7)
/ Compare to original case:

Y/ wo_(zsﬁrzzm) ~ 00 2y - (Zs~ Zm) = 0% ‘

-1 —1
Zo12B = Bo12  -Zasc'Bonz Zo12c = Co12  "Zasc Corz
0 —433+7.51 433+ 7.51
Zoiz — Zo12 = | 4.33 +7.5i 0 -4.33+7.51 [Q2
—4.33+7.51 4.33+7.5i 0
0 -8.66 8.66 Note that the diagonal terms do

not change, just the coupling terms.
Zoac—Zo12 =| 866 0 -8.66 |

-8.66 8.66 0

Case 3: (A more realistic set of unbalances)

Zaa = (14.9 +j-57.0)ohm Zab := (4 +j-27.3)ohm
Zbb := (14.9 + j-58.2)ohm Zac = (4 +j-27.3)ohm
Zecc = (14.9 + j-60.0)ohm Zbe = (4 +j-27.3)ohm
Zaa Zab Zac
Zapc = | Zab Zbb Zbc
Zac Zbc Zcc
Zo012 = Ag1a l-ZABC-A012 Phase A Components

22.9+113i —0.52-07i 0.52-0.7i PN igw
Zop = | 052-07i 1094311 ~052-07i |0 9 a
~0.52-0.7i 0.52-07i 10.9+3L1i Om
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1
Lig = E(Zaa + Zbb + Zcc)

LG l?u,

|
AR 5-(Zab + Zbc + Zac)

Zs—Zm = (10.9 + 31.1{) 2

ZS + 2an — (22.9 + l lSi)Q
Compare to original case:
20— (Zs+2Zm) = 00

Phase B and Phase C components

—1
Zo128 = Bo12  -Zarc'Bor2

Zs = (14.9 + 58.4)
Zm = (4+273)Q

Zs=Zm~Zo12, =09

1

Lo+ 27— 2 =00
S m 0120’0

Zy—(Zs— Zm) = 09

~1
Zo1ac = Co12  -Zac Cor2

0 1.39+0.6i -1.39+0.6i
ZooB — Zo12 = | -1.39+ 0.6i 0 1.39+0.61 Q2
1.39+0.6i -1.39 +0.6i 0
] X Again, only the off diagonal
0 0.17+ 1.51 -0.17 +1.51 terms change
Zo12c— Zo12 = | —0.17 + 1.5i 0 0.17+1.51 [
0.17+1.5i -0.17 + 1.5i 0
/

Case 4: (Now add imbalances to mutual terms only)

Zaa = (14.9 +j-58.4)ohm Zab = (4 +j-27.4)ohm \

Zbb = (14.9 + j-58.4)ohm

Zce = (14.9 +j-58.4)ohm

Zaa Zab Zac
Zab 7Zbb Zbc
Zac Zbc Zcc

ZABC =

Zac = (4 +j-28.0)ohm

Zbc := (4 +j-26.5)ohm
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]
Zo12 == Ap12  ZaBc Aor2

29+IID —0. 17+041 0.17 +0.4i

Biyry= | 0.17% 043 109+31 13035_0‘
~0.17 + 0.4i —035 081@.9+31.1i

Zg = %(Zaa +Zbb+7Zcc)  Zg = (149 +584)Q  Zg = (14.9 + 58.4i)

Zm 1= %-(Zab +Zbc+Zac)  Zm=(4+273DQ

Zs—Zuy = (10.9+31.1) © Zs~Zm~Zotz, | = 09

Z+ 27 = (22.9+ 113D Q Zs+ 22~ Zoiz, , = 09

Compare to original case:

Zo—(2Zs+2Zy) = 00 2y (Zs— Zn) = 0Q
Phase B and C based components
- 1
Zo12B = Bo12 -Zapc Bon Zoiac = Co1z  -Zasc Corz
0 -0.09 - 0.75i 0.09 —0.75i
Zo12B— Zo12 = | 0.09 -0.75i 0 0.17+ 1.51 |2
-0.09 - 0.751 —0.17 + 1.51 0
0 0.61 —0.451 —0.61 — 0.45i
Zo12c — Zo12 = | —0.61 — 0.45i 0 -1.21+09i |Q
0.61 -0451 1.21+0.9i 0

Case 5 (both self and mutual unbalanced):

Zaa := (14.9 + j-57.0)ohm Zab := (4 + j-27.4)ohm
Zbb := (14.9 + j-58.2)ohm Zac := (4 +j-28.0)ohm

Zce = (14.9 + j-60.0)ohm Zbc = (4 +j-26.5)ohm
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